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The invention relates to long-acting injection suspensions containing therapeutically

active peptides as physiologically acceptable, X-ray amorphous and crystalline salts

-of low soiubility and to a process for their preparation.

In therapy, peptides can often only be used safé!y arid with high bioavailability after
parenteral injection since they are destroyed by enzymatic degradation after oral -
administration; since frequently also with nasal application only a few percent of the
dosage applied are absorbed and since, with dermal application, there is rio_ '
absorpﬁ'qn at all.

Since peptides only have a very short half life in the organism, the parenteral
administration of peptide medicaments, for example LHRH analogs, such as the so-
called superagonists and LHRH antagonists, has to be effected daily to achieve the
desired effect which consists in the case of both substance groups in the
suppression of LH and FSH. ' '

The result in men is reduction in testosterone production and in women, in

oestradiol production below a spemﬁcally deﬂned set value. The term chemical

castration is used.

LHRH analogs are understood to be bofh s;uperagonists such as goserelin (INN) or
triptorelin (INN), as well as antagomsts such as cetrorelix (INN), antide (INN) or
ganirelix (INN). Goserelin, and the synthesns of goserelin, is described in Drugs of
the Future, 5 (4), (1980), p. 191. Buserelin and the synthesis of buserelin is

~ described in Drugs of the Future, 4 (3), (1979), p. 173 and Drugs of Today, 21,

(305), (1985). Decapeptyl and the synthesis of decapepty! is described in Drugs of
the Future, 3, (9), (1978), p. 645. Leuprolide and the synthesis of leuprolide is
Presented in Drugs of the Future 7 (12), (1982), p. 883.

Azaline B is described on pages 13-26 of GHRH—Analogues The State of the Art

_ _(1993) Parthénon Publlshlng Groups Ed B. Lunenfeld, V Insler.

35

| There has been no lack of attempts to process long-acting LHRH analogues in

formulations havmg a sustained release effect. GB 2 052 258, for example,
describes a formulatson wh|ch contains the LHRH analogues in sustained release

injection forms from the _zmc salt of the peptide, sesame oil and aluminium stearate.
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effect occurs |mmedlately and there is no ﬂare up. Lasting reduction in the sex

hormone blood level is standard therapy in the palhatlve treatment of prostate

carcinoma and mamma carcinoma to reduce tumour growth in sex hormone-

dependent tumours and also a curative treatment in endometriosis. Chemically
10  speaking, the LHRH-superagonists and the antagonists are nona- or decapeptides.

-

An LHRH antagonist that is _effectiv_e in the above indication is cetrorelix, a

decapeptide of the amino acid sequence Ac-DNal-DpCI-Phe-DPal-Ser-Tyr-DCit-Leu-

Arg-Pro-D-Ala-NHa. Its synthesis and pharmacological properties are described in
15 EP 299.402. Cetrorelix acetate has been identified as the physiologically acceptable
| salt. It was found in pfeclinical and clinical studies that the aqueous solution of

cetrorelix acetate had to be applied daily in order to lower the hormone level of

testosterone or oestradiol to the appropriate extent until the next injection. The

du,jratioh of action cannot be extended once a threshold dose was reached although
20 aone-week instead of a daily application interval would'already be a step forward

" for chronically sick and non-hospitalised- patients. '

The state of the art in the use of LHRH-analogues is the daily applicaﬁon of the
solution of water-soluble salts as an injecﬁon solution or the multiple daily q?sa‘l use
.25  of buserelin acetate in the form of nose drops (Suprefact nasal) or of nafarelin-
acetate in nose drop form, which is to date only marketed in the USA. As described
hereinabove, it is inherent in these medicinal forms that they have to be used |
frequently. Injections may only be given by a doctor, the nose drops have to be
~ used several tlmes daily. Both medicinal forms are poorly suited for the treatment of
30  chronic diseases.
DE-OS 42 23 282.1 describes the preparation of a sustained release formulation of ,
cetrorelix embonate by microencapsulation. Implants are medicinal forms permitting
longer intervals of use. For examp[é, when implanted under the skin, a cylinder of a
biologically degradable poly(lactic acid-glycolic acid) copolymer confaining goserelin
35 acetate can effectively lower the testosterone level (Zoladex depot). The monthly
injection of a suspension of bioldgically degra'dable' polymer particles containing the
active substance leuprorelin acetate also effectively lowers the 'sex_ hormone blood
level over this period (Enantone MonatsdepotR).
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exbens?ve process for manufacturing the cylinders using specially needed extrusion
machines and the packaglng machines which insert the cylinders into speczally
designed syringes with extremely thick cannulae. The shape of the cylinder - 1 mm
in diameter and several mm long - causes severe pain and haematomas when '
implanted into the patient. A less painful dosage form is desirable.

EP 0 052 510 describes the composition and preparation of microparticles with, for

example, nafarelin acetate. In the presence of chlorinated hydrocarbons the active
substance is incorporated into poly(lactic acid, glycolic acid) copolymers. The use of
chiorinated hydrocarbons is unavoidable in this composition since the polymers
used with the biodegradation pe_rfbrqnance needed in vivo only dissolves therein.

The high residual solvent contents in the medicinal form prepared in this manner of

20

25

30

35

approx.= 1000 ppm are a disadvantage. According to more recent knowledge,
chlorinated hydrocarbons are carcinogenic, the'_residual solvent content in raw _
materials and medicaments is today limited to <50 ppm according to the current
proposal for the European pharmacopoéia (Pharm Europe, Vol. 4, No. 1, March

- 1992). The process also has the disadvantage that the yield of active subétance

which is actually incorporated in microcapsules is small due to peptnde losses in the
aqueous phase which are essential i in the process.

Reduction in residual solvent contents below this threshold value, which is desirable
in the interest of drug safety, s, if at all, only possible with laborious post-treatment
methods. Syntex, for example, has filed a process for residual solvent reduction with
subcritical CO2.

DE 40 23 134 A1 applies.a similar peptide in¢ofporation. process such as described B
' _ above in biologically degradable polymers of the type of poly(lactic acid, glycolic -

acid')_ copolymers. According'to this application, a peptide sait insoluble in water is |
used instead of ir_\corpora'ting the peptide acetate salt in the polyester to reduce the
large active substance losses in this process. Peptide salts cited as being insoluble

" inwater are pamoates, tannates, stearates and palmitates. As already described,

is described _
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and presents the problem of physiologically unacceptable residual
chioroform solvent contents.

alofomethane or

5 - EP 145 240 contains other ways of incorporating water soluble peptide salts. In a
complicated process the active substanbe is incorporated with marked losses in
yield from aqueous active substance solution into biologically degradable poly(lactic
acids, glycolic acids) copolymers via multiple emulsions, the disadvantage again

. being the use of chiorinated hydro ucq'bms

10 | | |
According to EP 505 966, buserelin' acetate is embedded in poly(lactic acid, glycofic
acid) copolymers via the spray drying of an active substance-polymer solution
containing chlorinated hydrocarbons. ‘This process has. in tum, the disadvantage of .
using carcinogenic chlorohydrocarbons as solvents. |

15 : _ : B - .

When chlorohydrocarbons are used it is not only the high residual solvent amounts
in the medicinal form which are a disadvantage, but, from ecological standpoints,
the use of these solvents per se, which create disposal problems for the chl_orihatéd '
hydrocarbons from the manufacturing location and risks for the employees.

- 20 - . ' .

" According to WO 9214449 readily soluble peptides such as growth hormones are
incorporated in, for examplé, laurinic acid by mixing active substance with laurinic
acid, melting down and grinding the mixture to 100 um particles after cooling. US
5,137,669 produces sustained release forms for LHRH agonists in the same way in

25 order to inject these particles as suspensions for delayed active substance release.
A factor common to both formulations is that they need the carrier materials for the
longer active substance release and only yield injectable preparations in a laborious
process. It has hitherto been impossible to prove the tolerance of the fat deposits,
their reliability and the reproducible release of the active substance. In the case of -

30 fat embeddings, side effects may occur at the application site in the form of
éncapsulétions which cannot be tolerated in a chronic treatment lasting over several
years.

For brbmocriptine_ mesilaté, an active substance which is very hard to prépare in

35 sustained release form, DE 3430852 synthesises a new polyester as polyolester of
for example glucose with lactic acid and glycolic acid in order to achieve the desired
active substance release profile. In this case it was necessary. o carry out a

comprehensive and costly development and toxicological trials in order to prepare a .
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10  The formulation of the invention according to claim 1 was surprisin;qu'found to
cause an unexpected prolongation of action and improved effect without using -
biologically degradable polymers or fats. Not only was the duration of action
prolong_ed, measured by the.du'ratiOn of hdrmone suppression, t_uhi_our. growth was

also found to be suppressed to a supraproportional extent. |

15 - - B
The formulation of the i'nventio_n can also be used in LHRH agonists, for example in
leuprolide, buserelin, goserelin and triptorelin. The formulation of the invention may
also be used in bombesin antagenists, somatostatin antagomsts and GHRH

analogs.

20 o _ _
The experimental procedure was conducted according to the_ following procedure:
Inhibitory effect on DMBA (7,12-dimethylbenz[a]-anthracene)-induced mamma
carcinoma in Spraque-Dawley rats |

25

Method:

Female Sprague-Dawiley rats (animal'-diet' Altromin R, water ad lib) are given 20 mg

7 12-d|methylbenz[a]—anthracene perorally dlssolved in 1 ml olive oil at the age of 50
30  days using a stomach tube. Tumour appearance is monitored by weekly palpatlon

of the animals. About 90% of the animals develop tumours between the 35th and

70th day after the induction which are suftable for an eXpen'menta) trial.

_Tumour welght was determined using the method by Druckrey, H., Stemhoff D.,

35 Nakayama, M., Preussmann R., Anger, K. (1983). Expenmentelle Beitrdge zum
Dosis-Problem in der Krebs-Chemotherapne und zur erkungswexse von Endoxan,
[Expenmental contributions to the dose problem in cancer chemotherapy and to the
mode of action of Endoxan] Dtsch. Med Wschr. 88: 651.
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gg&ﬁéh@d her ei nabove, it is inherent in these nedicinal forns that
e‘ : ?‘lormone s{jatus of the animals was determmed by means of a vaginal cell

smear stained with methylene biue and evaluated according to Jones, T.C., Mohr,

U, Hunt, R.D (1972): The genital system, in: Monographs on pathology of laboratory =
animals sponsored by the International Life Science Institute (Springer, N.Y.,

London).

The experimental results are set out in Figure 1. The curve of the tumour weight for
the untreated control animals shows uninhibited increase. Curves 1 (*)and 2 (0)
show treatment with cetrorelix acetate in two different carriers. The extended curve
3 shows the drastic reduction in turhour Weight'af'ter embonate treatment.

Since treatment was in this case onlyina Single dose, the tumour cpritinues to grow

because treatment with a single dose is not suitable for killing all tumour cells.

25

30

The formulation of the invention is an X-ray amorphous precipitaté of the
decapeptide cetrorelix as an-émbo,nic acid salt. The agueous suspension of this
precipitate, which may optionally contain isotonifying additives, showed a marked
prolongation of action in the animal model compared to the aqueous solution of the.
peptide. It was surprisihg_ly found that the duration of action was about the same as
that of an injection suspension that contained the peptide embonate precipitate in a
biqldgicaliy degradable polymer as poly(lactic acid, glycolic acid) copolymers. This
result was particularly unexpected since, as set out above, only very laboriously

prepared sustained release medicinal fbrms, which generally contain the active

substance in biologically degradable polymers, have hitherto displayed a 'sufﬁciéntly

'long duration of action.

35

This finding was also surprising since, according to J.Pharm Pharmavol. 47, 878-
883 (1985), pyr'i'methamine. a 2,4-diaminopyrimidine derivative, showed no
difference compared to its embohic acid salt in respect of pharmacokinetic
behaviour, plasma level course and AUC after s_ubcutaneous injection in mice.
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period ( Fém&%?ometaﬁg@gﬂtsﬁbws the dosage form of the mventlon to be '
amorphous. The particle size of the formulation of the invention lies between 5um
and 200 um. A cetrorelix embonate with a particle size under 5 um showed a
10  sustained release effect inferior to that of the formulation of the invention. Similarly,
a cetrorélix embonate with a particle size of more than 200 um showed a poorer
sustained release effect than the formulation of the invention. |

Other advantages of the formulatlon of the invention consist in hlgher batch
16 confomuty the quality of the medicament prepared with the formulation of the
mventnon_ is thus subject to fewer variations. '
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cyl i nder 61,858 ShiEfidrbf ¥mbonic acid containing alkali in excess is combined with the

5 . acetate cetrorelix acetate solution, embonic acid precipitating as yellow crystals On
addition of dilute sodium hydroxide solution up to pH 7-7.5, the embonic acid
dissolves and precipitates with the decapeptide as aqueous cetrorelix embonate salt
of the molar composition peptide : embonic acid 2:1 (Mol/Mol). The precipitate is
filtered off, washed with HyO and dried. |

10
~ Example 2

Cetrorelix acetate and embonic acid are dissolved in equimolar proportlons in
dimethylacetamide and the solution is dropped into water. The white precipitate of
15  the cetrorelix embonate peptide : embonic acid 2:1 (Mol/Mol) is filtered off and dried. '

Example 3

Cetrorelix and embonic acid are dissolved in a molar ratio of 1:1.6 in a mixture of
20 dimethyl acetamide and optionally water and the solution dropped into water. The
~ yellow precipitate is filtered off and dried. The precipitate obtained is pasted with
70% ethanol, dried at 35°C and sieved through a sieve of mesh size 80 to 125 um.

Example 4
25 | . .
The alkaline embonate solution is added to the aqueous ethanolic solution of the
~ peptide acetate in the molar ratio p_eptide': embonic acid 2:1. The white precipitate
is filtered off and dried. The dried precipitate is moistened with 50% ethanol, dried in
a vacuum drylng cabinet and sieved. The white product contains. the 2 1 peptide
30 embonate salt (Mol/Mol)

. .Example 5

The. alkaline embonate solution is added to the aqueous ethanolic solution of the
35 peptide acetate in the molar ratio peptlde embonic acid 1:1.6. The yellow
| precipitate is flltered off and dried. The dried precipitate is moistened with 50%
ethanol, dried in a vacuum drying cabinet at 35°C and sieved. The yellow product
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1, March cetrorelix consists in reduction of the testosterone level. As a reference an injection _
10  suspension was tested as well, that prepared according to DE 4023134 A1 and

which contained the peptide embonate in poly(lactic acid, glycolic acid) copolymers.

The duration of action of a non-sustained release dosage form of cetrorelix was

determined via examination of the aque'ous solution of cetrorelix acetate.

15  Figure 3 shows the course of the testosterone level over 300 h d_etehnined-in male
rats after appiication of the aqueous solution of cetrorelix acetate (D420761). The
~ effect of testosterone suppression is achieved 6 h after the application Suppression
~under 1 ng/ml could still be determmed in two animals for 24 h, in three further
animals up to 48 h or two days
20 .
Figure 2-shows the testosterone level over 300 h in four animals (No. 11-14) after -
applying the same dose of cetrorehx asa suspension of cetrorelix embonate (D-
20762) without viscous additives prepared according to Example 1 (D-20762) The
testosterone suppressxon is also achieved 6 h after the application, the levels rise
25 above 1 ng/mlin one animal after 192 h (eight days), in the other three ammals it
reliably continues untll the ninth day.

Figure 4 shows the course ef the testosterone level of rats treated with the
embonate of the invention (grain size: 80 um - 125 um).

30 o |
Comparison of Figures 2-3 with Flgure 4 |mmed|ately shows the advantage of the
formulation of the invention.
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polyester {0 eohGH ddifble salt of an LHRH analogue, characterized in that the particle
| size of the particles lies predominantly between 5 and 200 um.

'(

10 2. A poorly soluble salt of an LHRH-analogue, characterised in that the particle
~ diameter of the particles lies predominantly between 10 and 150 um.

v 3. Apoorly soluble salt of an LHRH-analogue, characterised in that the particle
diameter of the particles lies predominantly between 20 and 125 um.

4, A poorly soluble salt according to one of Claims 1-3, characterized in that
embonic acid is used as salt former.

5. The use of the poorly-soluble salt accordmg to one of Clalms 1-4 to prepare
20 medicaments.

6. A salt according to one of Claims 1-5, characterized in that cetrorelix is used
as LHRH analogue. '

-

' L 25 7. A salt according to one of Claims 1-5, charactenzed in that antarellx |s used as
LHRH analogue

8. A salt according to one of Claims 1-5, characterized in tha_t ganirelix is used as

LHRH analogue.
30 | |
9. A salt according to one of Claims 1-5 charactenzed in that antide is used as
LHRH analogue.
10. = A salt according to one of Claims 1-5, characterized in that A-75998 is used as
35 LHRH analogue. ' ' -

11. Asait accordmg to Claims 6-10, charactenzed in that embonic acid is used as
salt former. - '
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5 13. Ganirelix embonate, char_actérized in that it has a particle diameter between 10
um and 125 um. ' '

14 A-75998 embonate, characterized in that ithas a partlcle diameter between 10
um and 125 um.

10 _ _
15. Cetrorelix embonate, characterized in t_hai it has a particle diameter bétween 5
um and 200 um.
| 16 Cetrorelix embonate, charactenzed in that it has a particle diameter between
15 10 um and 125um, - - |

17. Cetrorelix embonate, charactenzed in that it has a partlcle drameter between
20 um and 125 um.

20 18. The use of the salts accordlng to one of Claims 6 to 17 for the preparatxon of
medicaments. :

19 A poorly soluble salt of a peptide, characterized in that the pa'rticl_e diameter
lies between 5 um and 200 um. ' ' '

-

25 _ .
. 20. A salt according to Claim 19, characterized in that embonic acid is used as salt
~ former. ' ' ' '
21. The use of the salt according to Claim 20 to prepare medicaments.
22, A poorly soluble salt of a somatostatin analogue, characterised in that the
~particle diameter lies between 5 um and 200 um. '
23. A salt according to Claim 22, characterized in _thét embonic “acid 'is used as salt
35 former. ' '

24. The use of the salt according to Claim 23 to prép_are medicaments.
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salts. In a conplicated process the active substance is incorpo
mar ked | osses in yield fromaqueous active substance sol g

bi ol ogi c@6l yAdwmgrinsalsble $a 9@ GERHanalogiss, charrstarized i fhad

nul tiple enuys h@x@,q“eglyéh%&agwgﬁ(ggoggﬁ* n being the use f
hydr ocar bons. ording to EP 505 966, buserelin acetate Is enbedded in

poly(lactic acid, glycolic acid) copolynmers via the spray drying of an

active spBst AngaR-deebidingg tosOlkint 26 chepadtérnizeidig tiedtlemmbonid acid ks/asenicas faihs. Thi s
process has, _.in turn, the disadvantage of using carcinogenic

chl or hydroc&?ﬁ@ﬁs as solvents. . When chl orohydrocarbons are used it is
not only the high residual solvent anmounts :

~ 27. The use of the salt according to Claim 26 to prepare medicaments.

28. A poorly soluble salt of a bombesin analogue, characterized in that the pamcle
10 diameter lies between 5 um and 200 um.

29. A salt according to Claim 28, characterized in that embonic acid is used as salt
- former. '

15 30. The use of the salt-according to Claim 29 for the preparation of medicaments.
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peptides such as growth hornoneg, ahéir} RErafbAt ed in, for\exanp
acid by m xing active substance with laurinic acid, nelting~O
grinding the mxture to 100 umparticles after cooling. US 5,137, 669

produces ggﬁh@ged rel ease fornms for LHRH agonists in the same way in order
to inject these particles as suspensions for del ayed active substance
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reproduci bl e rel ease of the active substance. In the case of fat
enbeddi ngs, side effects nay occur at the application site in the form of
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encapsul ati ens whi ch cannot be tolerated in a chronic treatnent
over several years. For bronocriptine nesilate, an active subs
isvery hard to prepare in sustained rel ease form DE 343035
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-5- sustained rel ease formwith sufficient duration of action 5|nce |;
clear that no sinpler and cheaper nedicinal formcould achiev
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wi't hout using biologically degradabl e polynmers or fats. Dt he
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Throur “wei ghtwas determ ned using the net hod by Dr
D:., ' Nakayama, M, Preussmann, R, Anger, K. (1983).

W r kungswei-se--von Endoxan, [Experinental contributi
in cancer chenotherapy and to the rmdelof_ action of |Endoxan],

Wschr. 88: 651.

was val i dated by conparjson between . the tunour V\Big t determned
Long-acting injection suspensions an

for their preparation

The invention relates to long-acting injection suspensions containing therapeutically
active pepﬁdes as physiologically acceptable, X-ray amorphous and crystalline saits
of low solubility and to a process for their preparation.

In therapy, peptides can often only be used safely and with high bioavailability after
parenteral injection since they are destroyed by enzymatic degradation after oral
administration; since frequently also with nasal application only a few percent of the
dosage applied are absorbed and since, with dermal application, there is no
absorption at all.

Since peptides only have a very short half life in- the organism, the parenteral
administration of peptide medicaments, for example LHRH analogs, such as the so-
called superagonists and LHRH antagonists, has to be effected daily to achieve the
desired effect which consists in the case of both substance groups in the
suppression of LH and FSH.
The result in men is reduction in testosterone production and, in women, in
oestradiol production below a specifically defined set value. The term chemical
Castration is used.
LHRH analogs are understood to be both superagonists such as goserelin (INN) or
triptorelin (INN), as well as antagonists such as cetrorelix (INN), antide (INN) or
ganirelix (INN). Goserelin, and the synthesis of goserelin, is described in Drugs of
the Future, 5 (4), (1980), p. 191. Buserelin and the synthesis of buserelin is
described in Drugs of the Future, 4 (3), (1979), p. 173 and Drugs of Today, 21,
(305), (1985). Decapeptyl and the ‘synthesis of decapepty! is described in Drugs of
the Future, 3, (S), (1978), p. 645. Leuprolide and the synthesis of leuprolide is

- Presented in Drugs of the Future 7 (12), (1982), p. 883. "

Azaline B is described on pages 13-26 of GHRH-AnalogueS - The State of the Art
(1993), Parthenon Publishing Groups Ed., B. Lunenfeld, V. Insler.

There has been no lack of attempts to process long-acting LHRH analogues in
formulations having a sustained release effect. GB 2 052 258, for example,
describes a formulation which contains the LHRH analogues in sustained release
injection forms from the zinc salt of the peptide, sesame oil and aluminium stearate.
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wei ght for in the case of the anfagonists of which cetrorelix (INN) is one, the pharmacological
effect occurs immediately and there is no flare up. Lasting reduction in the sex
hormone blood level is standard therapy in the palliativé treatment of prostate
carcinoma and mamma carcinoma to reduce tumour growth in sex hormone-
dependent tumours and also a curative treatment in endometriosis. Chemically
speaking, the LHRH-superagonists and the antagonists are nona; or decapeptides.

An LHRH antagonist that is effective in the above indication is cetrorelix, a
decapeptide of the amino acid sequence Ac-DNal-DpCl-Phe-DPal-Ser-Tyr-DCit-Leu-
Arg-Pro-D-Ala-NHo. lts synthesis and phammacological properties are described in
EP 299 402. Cetrorelix acetate has been identified as the physiologically acceptable
salt. It was found in preclinical and clinical studies that the aqueous solution of

' cetrorelix acetate had to be applied daily in order to lower the hormone level of
testosterone or oestradiol to the appropriate extent until the next injection. The
duration of action cannét be extended once a threshold dose was reached although
a one-week instead of a daily application interval would already be a step forward
for chronically sick and non-hospitalised: patients.

The state of the art in the use of LHRH-analogues is the daily application of the
solution of water-soluble salts as an injection solution or the multiple daily nasal use
of buserelin acetate in the form of nose drops (Suprefact nasal) or of nafarefin:
acetate in nose drop form, which is to date only marketed in the USA. As described
hereinabove, it is inherent in these medicinal forms that they have to be used
frequently. Injections may only be given by a doctor, the nose drops have to be
used several times daily. Both medicinal forms are poorly suited for the treatment of
. chronic diseases.
DE-OS 42 23 282.1 describes the preparation of a sustained release formulation of
cetrorelix embonate by microencapsulation, Implants are medicinal forms permitting
longer intervals of use. For example, when implanted under the skin, a cylinder of a
biologically degradable poly(lactic acid-glycolic acid) copolymer containing goserelin
acetate can effectively lower the testosterone level (Zoladex depot). The monthly
injection of a suspension of biologically degradable polymer particles containing the
active substance’l€uprorelin acetate also effectively lowers the sex hormone blood
level over this period (Enantone MonatsdepotR).
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It was surprisingly found that the duration of action was about

the sane as that of an injection suspension that contained the peptide
enbonat e prEPIOISSEB! desaribes the composition and the preparation of implants marketed

under the trademark Zoladex®. The disadvantage of the dosage form lies in the
expensive process for manufacturing the cylinders using specially needed extrusion
machines and the packaging machines which insert the cylinders into spacially
designed syringes with extremely thick cannulae. The shape of the cylinder- 1 mm
in diameter and several mm long - causes severe pain and haematomas when
implanted into the patient. A less painful dosage form is desirable.

EP 0 052 510 describes the composition and preparation of microparticles with, for
example, nafarelin acetate. In the presence of chiorinated hydrocarbons the active
substance is incorporated into poly(lactic acid, glycolic acid) copolymers. The use of
chlorinated hydrocarbons is unavoidable in this composition since the polymers
used with the biodegradation perfbrr_nance needed in vivo only dissolves therein.
The high residual solvent contents in the medicinal form prepared in this manner of
approx.= 1000 ppm are a disadvantage. According to more recent khowledge,
chlorinated hydrocarbons are carcinogenic, the residual solvent content in raw
materials and medicaments is today limited to <50 ppm according to the current
proposal for the European pharmacopoeia (Pharm Europe, Vol. 4, No. 1, March
1992). The process also has the disadvantage that the yield of active substance
which is actually incorporated in microcapsules is small due to peptide losses in the
aqueous phase which are essential in the process.

Reduction in residual solvent contents below this threshold value, which is desirable
in the interest of drug safety, is, if at all, only possible with laborious post-treatment
methods. Syntex, for example, has filed a process for residual solvent reduction with
subcritical CO9.

DE 40 23 134 A1 applies a similar peptide incorporation process such as described
above in biologically degradable polymers of the type of poly(lactic acid, glycolic
acid) copolymers. According to this application, a peptide salt insoluble in water is
used instead of incorporating the peptide acetate salt in the polyester to reduce the
large active substance losses in this process. Peptide salts cited as being insoluble
in water are pamoates, tannates, stearates and paimitates. As already described,
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I njection in mce.
EP 145 240 contains other ways of incorporating water soluble peptide salts. In a
complicated process the active substance is incorporated with marked losses in
yield from aqueous active substance solution into biologically degradable poly(lactic
acids, glycolic acids) copolymers via multiple emulsions, the disadvantage again
being the use of chlorinated hydrocarbons. |

According to EP 505 966, buserelin acetate is embedded in poly(lactic acid, glycolic
acid) copolymers via the spray drying of an active substance-polymer solution
containing chlorinated hydrocarbons. This process has, in tum, the disadvantage of
using carcinogenic chlorohydrocarbons as solvents.

When chlorohydrocarbons are used it is not only the high residual solvent amounts
in the medicinal form which are a disadvantage, but, from ecological standpoints,

the use of these solvents per se, which create disposal problems for the chlorinated
hydrocarbons from the manufacturing location and risks for the employees.

According to WO 9214448 readily soluble peptides such as growth hormones are
incorporated in, for example, laurinic acid by mixing active substance with laurinic
acid, melting down and grinding the mixture to 100 um particles after cooling. US
5,137,669 produces sustained release forms for LHRH agonists in the same way in
order to inject these particles as suspensions for delayed active substance release.
A factor common to both formulations is that they need the carrier materials for the
longer active substance release and only yield injectable preparations in a laborious
process. It has hitherto been impossible to pfove the tolerance of the fat deposits,
their reliability and the reproducible release of the active substance. In the case of
fat embeddings, side effects may occur at the application site in the form of
encapsulations which cannot be tolerated in a chronic treatment lasting over several
years.

For bromocriptine mesilate, an active substance which is very hard to prepare in
sustained release form, DE 3430852 synthesises a new polyester as polyolester of
for example glucose with lactic acid and glycolic acid in order to achieve the desired
active substance release profile. In this case it was necessary to carry out a
comprehensive and costly development and toxicological trials in order to prepare a
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zi nc suspension used to treat diabetés” I'nsulin

~Simlarly, impramne HCl showed no difference to I m
enhonate after oral admnistration (Indian Journal . : ‘ !
Phar macol ogy 25, (4), 331-338 (1989). Crystalline sions of
non- pepti-de medi ci nal substances such as predni.sol png trianti noj ope are

sustained release form with sufficient duration of action ginge.i
simpler and cheaper medicinal form could achieve the same objective.

Embonic acid (4,4'-methylene-bis(3-hydroxy-2-naphtha acid) is frequently used in
pharmaceutical formulations in order to formulate poorly diésolving salts of
medicaments. These poorly dissolving salts therefore spend Ionger in the body and
give the medicament a sustained release effect. (R&mpps Chemie-Lexikon,"
Stuttgart 1976, p. 1007).

The formulation of the invention according to claim 1 was surprisingly found to
i:ause an unexpected prolongation of action and improved effect without using
biologically degradable polymers or fats. Not only was the duration of action
prolonged, measured by the. duration of hormone suppression. tumour growth was
also found to be suppressed to a supraproportional extent.

The formulation of the invention can also be used in LHRH agonists, for example in
leuprolide, buserelin, goserelin and triptorelin. The formulation of the invention may
also be used in bombesin antagonists, somatostatm antagomsts and GHRH
analogs.

The experimental procedure was conducted according to the following procedure:

Inhibitory effect on DMBA (7,12-dimethylbenz[a]-anthracene)-induced mamma
carcinoma in Spraque-Dawley rats

Method:

Female Sprague-Dawley rats (animal diet: Altromin R, water ad lib) are given 20 mg
7,12-dimethylbenz[a]-anthracene perorally dissolved in 1 m! olive oil at the age of 50
days using a stomach tube. Tumour appearance is monitored by weekly palpation
of the animals. About 90% of the animals develop tumours between the 35th and
70th day after the induction which are suitable for an experimental trial.

Tumour weight was determined using the method by Druckrey, H., Steinhoff, D.,
Nakayama, M., Préussmann. R., Anger, K. (1883). Experimentelle Beitrdge zum
Dosis-Problem in der Krebs-Chemotherapie und zur Wirkungsweise von Endoxan,
[Experimental contributions to the dose problem in cancer chemotherapy and to the
mode of action of Endoxan], Dtsch. Med. Wschr. 88: 651.
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+  reached about 1 g, the animals were randomised and 7 animals each were
allocated to the control and treatment groups.
Treatment began immediately thereafter by subcutaneous injection of the test

substances.

The hormone status of the animals was determined by means of a vaginal cell
smear stained with methylene blue and evaluated according to Jones, T.C., Mohr,
U, Hunt, R.D (1972): The genital system, in: Monographs on pathology of laboratory
animals sponsored by the International Life Science Institute (Springer, N.Y.,
London). '

The experimental results are set out in Figure 1. The curve of the tumour weight for
the untreated control animals shows uninhibited increase. Curves 1 (*) and 2 (0)
show treatment with cetrorelix acetate in two different carriers. The extended curve
3 shows the drastic reduction in tumour weight after embonate treatment.

Since treatment was in this case only in a single dose, the tumour continues to grow
because treatment with a single dose is not suitable for killing all tumour cells.

The formulation of the invention is an X-ray amorphous precipitate of the
decapeptide cetrorelix as an embonic acid salt. The aqueous suspension of this
precipitate, which may optionally contain isotonifying additives, showed a marked
prolongation of action in the animal model compared to the aqueous solution of the
peptide. It was surprisingly found that the duration of action was about the same as
that of an injection suspension that containéd the peptide embonate precipitatein a
biologically degradable polymer as poly(lactic acid, glycolic acid) copolymers. This
result was particularly unexpected since, as set out above, only very laboriously
prepared sustained release medicinal forms, which generally contain the active
substance in biologically degradable polymers, have hitherto displayed a sufficiently
long duration of action.

This finding was also surprising since, according to J.Pharm Pharmavol. 47, 878-
883 (1985), pyrimethamine, a 2,4-diaminopyrimidine derivative, showed no
difference compared to its embonic acid salt in respect of pharmacokinetic
behaviour, plasma level course and AUC after subcutaneous injection in mice.
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Similarly, imipramine HCl showed no difference to imipramine embonate after oral
administration (Indian Joumnal of Physiology and Pharmacology 25, (4), 331-338
(1989). Crystalline injection suspensions of non-peptide medicinal substances such
as prednisolone or triamcinolone are known in sustained release form, as in the
case of the crystalline insulin zinc suspension used to treat diabetes. Insulin
consists of 51 amino acids. These latter named forms are all crystalline, whereas X-
ray diffractometric analysis shows the dosage form of the invention to be
amorphous. The particle size of the formulation of the invention lies between 5 um
and 200 um. A cetrorelix embonate with a particle size under 5 um showed a
sustained release effect inferior to that of the formulation of the invention. Similarly,
a cetrorelix embonate with a particle size of more than 200 um showed a poorer
sustained release effect than the formulation of the invention.

Other advantages of the formulation of the invention consist in higher batch
conformity: the quality of the medicament prepared with the formulation of the -
invention is thus subject to fewer variations.
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In an equimolar ratio of peptide (calculated as free base) to embonic acid, an
aqueous solution of embonic acid containing alkali in excess is combined with the

. acetate cetrorelix acetate solution, embonic acid precipitating as yellow crystals. On
addition of dilute sodium hydroxide solution up to pH 7 - 7.5, the embonic acid
dissolves and precipitates with the decapeptide as aqueous cetrorelix embonate salt
of the molar composition peptide : embonic acid 2:1 (Mol/Mol). The precipitate is
filtered off, washed with H20O and dried.

Example 2

Cetrorelix acetate and embonic acid are dissolved in equimolar proportions in
dimethylacetamide and the solution is dropped into water. The white precipitate of
the cetrorelix embonate peptide : embonic acid 2:1 (Mol/Mol) is filtered off and dried.

Example 3

Cetrorelix and embonic acid are dissolved in a molar ratio of 1:1.6 in a mixture of
dimethyl acetamide and optionally water and the solution dropped into water. The
yellow precipitate is filtered off and dried. The precipitate obtained is pasted with
70% ethanol, dried at 35°C and sieved through a sieve of mesh size 80 to 125 um.

Example 4 ;
The alkaline embonate solution is added to the aqueous ethanolic solutian of the
peptide acetate in the molar ratio peptide : embonic acid 2:1. The white precipitate
is filtered off and dried. The dried precipitate is moistened with 50% ethanol, dried in
a vacuum drying cabinet and sieved. The white product contains the 2:1 peptide
embonate salt (Mol/Mol). )

Example 5

The alkaline embonate solution is added to the aqueous ethanolic solution of the
peptide acetate in the molar ratio peptide : embonic acid 1:1.6. The yellow '
precipitate is filtered off and dried. The dried precipitate is moistened with 50%
ethanol, dried in a vacuum drying cabinet at 35°C and sieved. The yellow product



di ret hyl acetam de and optionally water and the sol ution dropped into
water. The yellow precipitate is filtered off and red: T
obtained is pasted with 70% et hanol, dried at 35[errﬁ@PHH§Mﬁ v
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in the nolar ratio peptide: enbonic acid 2:1. The
filtered off and dried. The dried precipitate is
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dried in a vacuum dryi ng cabi net and sieved. The white p'rod

. 1, peptide enbopate salt (NMdl/Ml).
conta:zns thb 2°1 Ipepti e embonate salt (Mgl/Mol) in ac)idition to the excess of

embonic acid.

Experiments on duration of action in the animal:

Suspensions of the precipitates were applied subcutaneously to male'rats in the
dose 0.5 mg cetrorelix’kg body weight and determined after application as a
measure of the effect of the peptide on testosterone plasma levels. The effect of the
cetrorelix consists in reduction of the testosterone level. As a reference an injection
suspension was tested as well, that prepared according to DE 4023134 A1 and
which contained the peptide embonate in poly(lactic acid, glycolic acid) copolymers.
The duration of action of a non-sustained release dosage form of cetrorelix was
determined via examination of the aqué'ous solution of cetrorelix acetate.

Figure 3 shows the course of the testosterone level over 300 h determined in male
rats after application of the aqueous solution of cetrorelix acetate (D-20761). The
effect of testosterone suppression is achieved 6 h after the application. Suppression
under 1 ng/m! could still be determined in two animals for 24 h, in three further
animals up to 48 h or two days.

Figure 2-shows the testosterone level over 300 h in four animals (No. 11-14) after
applying the same dose of cetrorelix as a suspension of cetrorelix embonate (D-
20762) without viscous additives prepared according to Example 1 (D-Zd762). The
testosterone suppression is also achieved 6 h after the application, the levels rise '
above 1 ng/ml in one animal after 192 h (eight days), in the other three animals it
reliably continues until the hinth day.

Figure 4 shows the course 6f the testosterone level of rats treated with the
embonate of the invention (grain size: 80 um - 125 um).

Comparison of Figures 2-3 with Figure 4 immediately shows the advantage of the
formulation of the invention,
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Long-acting injection suspensions and a pfogess
for their preparation

Claims

1. A poorly soluble salt of an LHRH analogue, characterized in that the particle
size of the particles lies predominantly between 5 and 200 um. .

2. A poorly soluble salt of an LHRH-analogue, characterised in that the patrticle
‘diameter of the particles lies predominantly between 10 and 150 um.

3. A poorly soluble salt of aﬁ LHRH-analogue, characterised in that the particle
diameter of the particles lies predominantly between 20 and 125 um.

4. A poorly soluble salt according to one of Claims 1-3, characterized in that
embonic acid is used as salt former.

5. The use of the poorly soluble salt according to one of Claims 1-4 to prepare
medicaments.

6. A salt according to one of Claims 1-5, characterized in that cetrorelix is used
as LHRH analogue.

7. A salt according to one of Claims 1-5, characterized in that antarelix is used as
LHRH analogue. '

8. A salt according to one of Claims 1-5, characterized in that ganirelix is used as
LHRH analogue.

9. A salt according to one of Claims 1-5, characterized in that antide is used as
LHRH analogue.

10. A salt according to one of Claims 1-5, characterized in that A-75998 is used as
LHRH analogue.

11. A salt according to Claims 6-10, characterized in that embonic acid is used as
salt former. .

L]




-9 -, contains the 21 peptide enborats i lition to
the -excess of enbonic acid.  ExperinefHi§ SIﬂEETuH B ITOGHERT tihe
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mal e rats-in t cetrorel v ilngd after
application as he effectljof the peptid -

pl asma | evel s. The effect of the cetrorelix consistslin reduction pfithe

testosterone level. As a reference an injection
12. Antide embonate, characterized in that it has a p4rticle diameter b

um and 125 um.

13. Ganirelix embonate, characterized in that it has a particle diameter between 10
um and 125 um.

14 A-75998 embonate, characterized in that it has a particle diameter between 10
um and 125 um.

15. Cetrorelix embonate, characterized in that it has a particle diameter between 5
um and 200 um.

16 Cefrorelix embonate, characterized in that it has a particle diameter between
40 um and 125 um.

17. Cetrorelix embonate, characterized in that it has a particle diameter between
20 um and 125 um.

18. The use of the salts according to one of Claims 6 to 17 for the preparation of
medicaments.

18. A poorly soluble salt of a peptide, characterized in that the particle diameter
lies between 5 um and 200 um.

20. A salt according to Claim 19, characterized in that embonic acid is used as salt
former.

21. The use of the salt according to Claim 20 to prepare medicaments.

22. A poorly soiuble salt of a somatostatin analogue, characterised in that the
particle diameter lies between 5 um and 200 um.

23. A salt according to Claim 22, characterized in that embonic acid is used as salt
former.

24. The use of the salt according to Claim 23 to prepare medicaments
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26. A salt according to Claim 25, characterized in that embonic acid is used as salt
former.

27. The use of the salt according to Claim 26 to prepare medicaments.

28. A poorly soluble salt of a bombesin analogue, characterized in that the partlcle
.- diameter lies between 5 um and 200 um.

28. A salt according to Claim 28, characterized in that embonic acid is used as salt
former.

30. The use of the salt according to Claim 29 for the preparation of medicaments.
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Long-acting mjectlon suspensions and a p oces
for their preparation

Abstract

Poorly soluble salts of LHRH analogues, for example cetrorelix embonate, display
an intrinsic sustained release effect in the grain size 5 um to 200 um.

FIGURE 4.
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poorly soluble salt of an LHRH anal ogue without using biodegradable

pol yners or fats, characterized in that the partg
particles lies predom nantly
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4. Phar maceuti cal conmposition with |long-acting release after_injection
containing a poorly soluble salt according t¢ .g i -
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7.

characterized in

11 8.

characterized in

1

-

A pharmaceutical conposition according to one of ( aius
that antarelix is used as LH

A pharnmaceutical conposition according to on

4

"

AckFuE:

Jy

A
/ |

300

PN
Time t (in h)

250

200

150

Cetrorelix 0.5 mgl/kg s.c. rat
D-20762 Microparticles RCSES 91-08

Project 5893

100

50

I N S S e I

W W T MmN T o

(/Bu) suciaisoisal _

Animal No. 31 Animal No. 32 Animal No. 33 Animal No. 34

. s



that ganirelix is used as LHRH anal ogue. 9.
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Claims

1.  Pharmaceutical composition with long-acting release after injection containing a
" poorly soluble salt of an LERH-analogue without using biodegradable polymers or
fats, characterized in that the particle size of the particles lies predominantly
between 5 and 200 ym.

2, Pharmaceutical composition with long-acting release after injection containing a
poorly solubls salt of an LERE-analogue without using biodegradable polymers or
fats, characterized in that the particle diameter of the particles lies predominantly

N between 10 and 150 gm.

3. Pharmaceutical composition with long-acting release after injection containing a
poorly soluble salt of an LHRH-analogue without using biodegradable polymers or
fats, characterized in that the particle diameter of the particles lies predominantly
between 20 and 125 xm. '

4. Pharmaceutical composition with long-acting release after injection containing a
poorly soluble salt according to one of Claims 1-3 without using biodegradable
polymers or fats, characterizad in that embonic acid is used as salt former.

s. The use of a poorly soluble salt according to one of Claims 1~4 to prepare
~medicaments.

6. A pharmaceutical composition according to one of Claims 1-5, characterized in
that cetrorelix is used as LHRH-analogue,

7. A pharmaceutical composition according to one of Claims 1-5, characterized in
that antarelix is used as LARH-analogue.
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12. % Antide enbonate, characterized in that __,.. . ' _ A0EL er

between 10 [err]m ~and 125 [err]m o T ,
characti zed | llm rticle difafs ' k B and
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8. A pharmaceutical compasition according to one of 'Sai ;cliaracterized in

that panirelix is used as LHRH-analogue.

9. A pharmaceutical compasition according to one of Claims 1-5, characterized in
that antide is used as LHRH-analogue,

10. A pharmaceutical composition according to one of Claims 1-5, characterized in
that A-75998 is used as LHRH-analogue.

11. A pharmaceutical composition according to one of Claims 6-10, characterized in
that embonic acid is used as salt former.

12. Antide embonate, characterized in that it has a particle diameter between 10 xm
and 125 um. | '

13.  Ganirelix embonate, characterized in that it has a particle diameter betweea 10 um
and 125 um.

14.  A-75998 embonate, characterized in that it has a particle diameter between 10 um
and 125 gm.

15.  Cetrorelix embonate, characterized in that it has a particle diameter between 5 um
and 200 xm.

16.  Cetrorelix embonate, characterized in that it has a particle diameter between
10 gm and 125 um.

17.  Cetrorelix embonate, characterized in that it has 2 particle diameter betweer
20 pm and 125 pm.

18.  The use of the salts according to one of Claims 12 to 17 for the preparation of
medicaments.
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to 17.for the preparatlon of medi §am
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19. A poorly soluble salt of a somatostatin analogue, characterized in that the paxticle

diameter lies between 5 um and 200 um.

20. A salt according to Claim 19, characterized in that embonic acid is used as salt
former,

21.  The use of the salt according to Claim 20 to prepare medicaments.

22. A poorly soluble salt of a GERH analogue, characterized in that the particle
diameter lies between 5 um and 200 ugm.

" 23. A salt according to Claim 22, characterized in that embonic acid is used as salt
formez,

24,  The use of the salt according to Claim 23 to prepare medicaments,

'25. A poorly soluble salt of a bombesin analogue, characterized in that the particle
diameter lies between § um and 200 um. |

26. A salt according to Claim 25, characterized in that embonic acid is used as salt
former,

27.  The uss of the salt according to Claim 26 for the preparation of medicaments.
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Claims

L. Pharmacsutical composition with long-acting release after injection containing a
" poorly soluble salt of an LHRH-analogue without using biodegradable polymers or
fats, characterized in that the particle size of the particles lies predominantly
betwesn 5 and 200 um.

2, Pharmaceurical composition with long-acting releass after injection contining a
peorly solubla salt of an LERE-analogue without using biodegradable polymers or
fats, characterized in that the particle diameter of the particles lies predominantly
between 10 and 150 pm.

3 Pharmacsutical composition with long-acting release after injection containing 2
poarly soluble salt of an LHRE-analogue without using biodegradable polymers or
fats, characterized in that the particle diameter of the particles Lies predominantly
between 20 and 125 zm.

4. Pharmaceutical composition with long-acting release after injection containing a
poory soluble salt according to one of Claims 1-3 without using biodegradable
polymers or fats, characterized in that embonic acid is used as salt former.

5. The use of a poorly soluble salt according to one of Claims 1-4 to prepare
medicaments. '

6. A pharmaceutical composition according to one of Claims 1-5, characterized in
that cetrorelix is used as LHRH-analogue.

7. A pharmaceutical composition according to one of Claims 1-3, characterized in
that antarelix is used as LARH-analogue.
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A pharmaceutical composition according to one of Claims 1-3, characterized in

" that ganireltx is used as THRH-analogue.

A pharmacsutical compodition according to one of Claims 1-5, characterized in
that antide i3 used as LHRH-analogue.

A pharmacsutical composition according to one of Claims 1-5, characterized in
that A-75998 is used as LERH-analogue.

A pharmaceutical composition according to one of Claims 6-10, characterized in
that embonic acid is used as salt former.

Antide embonate, characterized in that it has a particle diameter between 10 pm
and 125 pm.

Ganirelix embonate, characterized in that it has a particle diameter betwesa 10 um
and 125 um. |

A-75998 embonate, characterized in that it has a particle diameter between 10 xm
and 125 zm.

Cetrorelix embonats, characterized in that it has e particle diameter between § um
and 200 pm., : -

Cetrorelix embonate, characterized in that it has a particle diameter betwesn
10 um and 125 um.

Cetror=Eix embonate, chavacierized inthat it hes a particle diamater patwesn
20 uxm and 125 pm.

The use of the salts according to one of Claims 12 to 17 for the ﬁrcparaﬁon of
medicaments.
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A poorly soluble salt of 2 somatostatin analague, characterized in that the particle
diameter lies between 5 pm and 200 um.

A salt according to Claim 19, characterized in that embonic acid is used as salt
former,

The use of the salt according to Claim 20 to prepare medicaments.

A poorly soluble salt of 2 GERE analogue, characterized in that the particle
diameter lies between 5 xm and 200 um.

A salt according to Claim 22, characterized in that embonic acid is used as salt
former,

The use of the salt according to Claim 23 to prepare medicaments.

A poorly soluble salt of a bombesin analogue, characterized in that the particle
diameter lies between § um and 200 um.

A salt according to Claim 25, characterized in that embonic acid is used as salt
former.

The use of the salt according to Claim 26 for the preparation of medicaments.



